The spinal muscular atrophies (SMA) or hereditary motor neuronopathies result from the continuous degeneration and death of spinal cord lower motor neurons, leading to progressive muscular weakness and atrophy. We describe a large Brazilian family exhibiting an extremely rare, late-onset, dominant, proximal, and progressive SMA accompanied by very unusual manifestations, such as an abnormal sweating pattern, and gastrointestinal and sexual dysfunctions, suggesting concomitant involvement of the autonomic nervous system. We propose a new disease category for this disorder, 'hereditary motor and autonomic neuronopathy', and attribute the term, 'survival of motor and autonomic neurons 1' (SMAN1) to the respective locus that was mapped to a 14.5 cM region on chromosome 20q13.2-13.3 by genetic linkage analysis and haplotype studies using microsatellite polymorphic markers. This locus lies between markers D20S120 and D20S173 showing a maximum LOD score of 4.6 at D20S171, defining a region with 33 known genes, including several potential candidates. Identifying the SMAN1 gene should not only improve our understanding of the molecular mechanisms underlying lower motor neuron diseases but also help to clarify the relationship between motor and autonomic neurons. 
Introduction
The spinal muscular atrophies (SMA) are hereditary diseases characterized by progressive muscular weakness and atrophy due to degeneration and death of the lower motor neurons (1) . Adult types of proximal SMAs, with onset after the age of 15, are uncommon and heterogenous, exhibiting X-linked, autosomal recessive or autosomal dominant inheritances (2) . Although rare, autosomal dominant, adult-onset, proximal SMAs have been reported by various authors. Quarfordt et al. (3) described a family with autosomal dominant, type II hyperlipoproteinemia in which four dyslipidemic brothers also displayed a predominantly proximal weakness of neurogenic origin. Apparently, the mother W. Marques Jr. et al.
was also affected, but the status of their children could not be determined, as these were still too young to manifest the disease. Zatz et al. (4) described a Brazilian family of Italian origin who developed a disease characterized by onset between 28 to 62 years of age, and an interval from onset to death ranging from 3 months to 1 year. Bundey and Lovelace (5) also described a family exhibiting autosomal dominant inheritance, lateonset and slowly progressive weakness without sensory manifestations. Pearn (6) described three relatives exhibiting an onset ranging from 26 to 46 years.
In 1962, Finkel (7) described a Brazilian family with a "late-onset, pseudomyophatic form of a heredofamilial progressive muscular atrophy". Based on the presence of fasciculations, Finkel considered a neurogenic origin, and interpreted the lineage findings as suggestive of recessive inheritance, a conclusion later modified. Richieri-Costa et al. (8) reviewed this family in 1981 and described a second family in the same geographical area. These investigators performed electrophysiological and morphological studies which confirmed the neurogenic origin of the condition, which was then termed Finkel's disease (MIM 182980) (9) . They also noted other important manifestations of the disorder, such as a prominent abdomen and occasional episodes of choking.
We have recently evaluated 50 members of this large Brazilian family exhibiting adult-onset SMA, whose 16 affected members had not been previously described by Finkel (7) or Richieri-Costa et al. (8) . In addition to SMA findings, we have found dyslipidemia, sweating abnormalities, and autonomic disturbances such as bowel and sexual dysfunction. We identified the localization of this disorder to chromosome 20q13.2-q13.3.
Patients and Methods
Generations IV and V of the family were available for study. A detailed clinical and neurological examination of 50 family members was performed by two of the authors (VDM and WM) in the patients' own homes. Sixteen of the 50 family members evaluated were consistently affected. Five of the affected members were also attended as inpatients, when a complete diagnostic evaluation of their condition was performed, including biochemical analyses, electromyography (EMG), muscle biopsy, and certain autonomic functional tests.
After obtaining informed consent, DNA from the subjects evaluated was extracted from peripheral leukocytes according to standard methods. Deletions in the telomeric survival motor neuron gene (SMN1) were excluded using the PCR-based test described by van der Steege et al. (10) . A genome-wide linkage search was performed using 16 affected and 4 unaffected family members who were past the age of disease onset. Linkage was performed using an ABI PRISM ® Linkage Mapping Set-HD5 (PE Applied Biosystems, Foster City, CA). Microsatellite markers were amplified from genomic DNA using the PCR technique under conditions specified by the manufacturer, and submitted to denaturing acrylamide gel electrophoresis with a 377 DNA Sequencer (PE Applied Biosystems). Initially, 400 markers with a 10-cM resolution were genotyped semiautomatically using Genescan and Genotyper software (PE Applied Biosystems).
The genotypes were examined manually and were initially used to construct haplotypes. In the chromosomal region where haplotype reconstruction showed segregation with the disease, additional markers were analyzed. Pairwise LOD scores were generated across this region using the FASTLINK version of the MLINK software (11) . Only affected family members were included in the analysis, which employed a disease allele frequency of 0.0001. This study was approved by both the Hospital and the national Ethics Committees.
Results
Disease onset ranged from the third to the sixth decade. Characteristically, the disease has an axo-rhizomelic distribution, initially affecting the proximal muscles of the lower limbs, then the proximal muscles of the upper limbs, followed by involvement of the distal muscles of all limbs, finally resulting in a severe and generalized weakness with respiratory insufficiency and death. In most cases, severe weakness of the abdominal muscles was also present from the early stages, resulting in a prominent abdomen. The affected muscles are hypotonic, tendon jerks are decreased or absent, Babinski's sign is not part of the disease, and generalized fasciculations are always present. Sensation is normal, as is coordination. Many patients complain of difficulty in swallowing and several suffer from severe constipation. Some patients reported very prolonged erection, possibly owing to late ejaculation, that eventually may be followed by sexual impotence. A generalized hypohidrosis was documented. Most patients have persistent dyslipidemia. EMG findings are consistent with a chronic and progressive generalized impairment of the lower motor neurons. A muscle biopsy revealed a typical neurogenic pattern, confirming the EMG findings.
As shown in Table 1 , marker haplotypes on chromosome 20q showed complete segregation with the disease phenotype. Crossing over events in affected family members defined an area of 21.5 cM, between markers D20S902 and D20S173 (Figure 1) . The maximum LOD score obtained was 4.6 at D20S171 (Table 1) .
To refine the identification of the region further, an additional ten microsatellite markers were genotyped in five affected recombinant family members (Table 2 ). This permitted refining of the localization to a minimum identity region between markers D20S120 and D20S173 (Figure 2 ) which, according to build 30 of the UCSC Human Genome Project Working Draft database (12), spans 5.8 Mb and contains 33 known genes and a further 47 predicted genes in a region of 14.5 cM.
Discussion
The SMAs are defined as diseases showing isolated impairment of the lower motor neurons, mainly those located in the ventral horn of the spinal cord. There are, however, some hereditary motor neuropathies/neuronopathies displaying additional features, such as Kennedy's bulbospinal muscular atrophy (MIM 313200) (9) that involves some mild sensory features (13) . The disease phenotype we describe here has not been described previously: firstly, it is an autosomal-dominant, late-onset, proximal SMA; secondly, there is an axo-rhizomelic distribution with early impairment of the lower motor neurons innervating the abdominal muscles, and thirdly, besides motor involvement, autonomic manifestations are also present. We propose naming this locus as "survival of motor and autonomic neurons 1" (SMAN1, approved by the HUGO gene Nomenclature Committee) and the disease as "hereditary motor and autonomic neuronopathy 1".
The 5.8-Mb candidate region should be refined further by identifying additional recombination events in family members yet untested, and by the use of single nucleotide polymorphisms. Concurrently, promising candidate genes, selected through their expression profiles and function, will be The SMAN1 gene function must be important for both motor and autonomic neurons, but not for sensory neurons. Although no similar pattern of disease has been described, the function of the putative gene may be similar to that of those genes known to be involved in motor neuron disorders, like the survival of motor neuron gene SMN1 (MIM 600354) (9) , which is mutated in SMA (14) . Alternatively, the gene may code for one of the various proteins known to interact with SMN1. SMN1 is a ubiquitously expressed protein which shows no significant homology to any other protein and which associates with various other proteins to form a large complex implicated in the function of the spliceosome (15) . SMN1 also interacts directly with apoptotic proteins (16) RNA, RNA polymerases and RNA helicases (17) . Mutations in Cu,Zn-superoxide dismutase (SOD1, MIM 147450) (9) account for approximately 20% of familial amyotrophic lateral sclerosis, a motor neuron disorder that results from dysfunction of both upper and lower motor neurons, without autonomic involvement. Recently, it has been proposed that these mutations may significantly decrease the anti-apoptotic effects of certain heat shock proteins (18) . The Alsin gene (MIM 606352) (9) is mutated in recessive amyotrophic lateral sclerosis 2, a disorder with prominent upper motor neuron impairment without autonomic dysfunction (19, 20) , a pattern different from that seen in this family. Many genes are now known to be implicated in hereditary motor and sensory neuropathies (21) , although in all there is clear clinical and/or neurophysiological involvement of the sensory fibers. Similarly, the genes for some of the hereditary sensory and autonomic diseases (HSAN) have now been identified, including SPTLC for HSAN 1 (MIM 605712), IKBKAP for HSAN 3 (MIM 603722), and TRKA/NGF receptor for HSAN 4 (MIM 191315) (9); however, all have important sensory manifestations. To conclude, there is no good prototype for the SMAN1 gene since mutations in all known genes associated with lower motor neuron loss or autonomic dysfunction result in a notably distinct phenotype.
Identifying the causative gene will not only allow accurate genetic counseling and diagnosis of this disease, but will also contribute to our understanding of the molecular mechanisms underlying both lower motor neurons and autonomic neuron disorders. 
